Background
==========

IgAN is the most common cause of primary glomerulonephritis in developed countries \[[@b1-medscimonit-26-e922839]\]. Current clinical treatment strategies for IgAN include renin--angiotensin system blockade (RASB) to control blood pressure and proteinuria and administration of glucocorticoids, with or without other immunosuppressive agents, to selected patients \[[@b2-medscimonit-26-e922839],[@b3-medscimonit-26-e922839]\]. RASB is considered a first-line treatment of IgAN \[[@b4-medscimonit-26-e922839]\], with benefits that include the reduction of proteinuria and renal function decline, with most studies recruiting patients with proteinuria \>0.5--1 g/d \[[@b5-medscimonit-26-e922839]--[@b9-medscimonit-26-e922839]\]. Clinically, patients with IgAN have received RASB to eliminate or reduce proteinuria, as well as to control hypertension \[[@b10-medscimonit-26-e922839]\]. The 2012 Kidney Disease: Improving Global Outcome (KDIGO) guidelines recommended the use of long-term RASB in patients with proteinuria \>1 g/d and suggested its use if proteinuria is 0.5--1 g/d \[[@b4-medscimonit-26-e922839]\]. Proteinuria was found to be an important risk factor for poor patient prognosis \[[@b11-medscimonit-26-e922839]--[@b14-medscimonit-26-e922839]\]. Although a study assessing the efficacy of RASB in reducing the incidence of end-stage renal disease (ESRD) recruited individuals with any level of proteinuria, subgroup analysis found that RASB had limited effect in IgAN patients with proteinuria \<1 g/d \[[@b15-medscimonit-26-e922839]\]. This did not necessarily indicate that RASB was ineffective in these patients, because the incidence of ESRD was low in this subgroup. It remains unclear whether IgAN patients with persistent hematuria alone and initial proteinuria \< 150 mg/d can benefit from RASB, as studies have suggested that regular observation was sufficient \[[@b16-medscimonit-26-e922839]\]. However, persistent and significant hematuria was recently reported to independently increase the risk of renal function loss, with remission of hematuria having a favorable effect on disease progression \[[@b17-medscimonit-26-e922839]\]. Because proteinuria also increases adverse renal outcomes, it is essential that IgAN patients with persistent hematuria alone avoid the development of proteinuria and reduce their levels of hematuria. The present study therefore investigated whether RASB can exert protective effect on IgAN patients who present with persistent hematuria alone and without proteinuria initially.

Material and Methods
====================

Patients
--------

Patients with biopsy-proven IgAN and persistent hematuria, but without proteinuria, were recruited between January 2013 and December 2018 at four hospitals, including Xiangya Hospital of Central South University, the Second Xiangya Hospital of Central South University, the Third Xiangya Hospital of Central South University and People's Hospital of Hunan Province. Patients were included if they had primary IgAN and persistent hematuria alone. Unless they developed proteinuria, individuals were followed up for more than six months. Patients were excluded if they had secondary IgAN (e.g. secondary to purpura nephritis, lupus nephritis, hepatitis B associated glomerulonephritis), systemic diseases, or crescentic IgAN (\>50% crescentic glomeruli). Patients were also excluded if they had received immunosuppression therapy (corticosteroids, cyclophosphamide, mycophenolate mofetil, cyclosporine or tacrolimus) within 1 year or during follow-up, or if they were lost to follow up. Patients were divided into two groups, those who were and were not treated with RASB. All patients were followed up until June 2019.

The study protocol was approved by the Ethics Committee of Xiangya Hospital of Central South University and at all other centers and was performed in compliance with the principles of the 1964 Declaration of Helsinki. Written informed consent was obtained from all patients.

Baseline characteristics
------------------------

The demographic and clinical characteristics of all enrolled individuals were obtained from the electronic medical records systems of the respective institutions. Baseline characteristics recorded included gender; age; uric acid and hemoglobin concentrations; serum creatinine and albumin levels; level of hematuria; initial eGFR; systolic and diastolic blood pressure; and Oxford classification, including mesangial hypercellularity (M), endocapillary hypercellularity (E), segmental glomerulosclerosis (S), tubular atrophy/interstitial fibrosis (T) scores and crescents (C) \[[@b22-medscimonit-26-e922839]\]. Also recorded were use of RASB and duration from initial diagnosis by biopsy to the start of therapy.

Definitions
-----------

Absence of proteinuria was defined as protein excretion ≤150 mg/d before renal biopsy. Levels of urinary protein were repeatedly confirmed twice. Appearance of proteinuria was defined as urinary protein \>150 mg/d, with no recovery in the absence of treatment. Hypertension was defined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg \[[@b18-medscimonit-26-e922839]\]. eGFR was calculated using the CKD-EPI equation \[[@b19-medscimonit-26-e922839]\]. Hypoalbuminemia was defined as serum albumin ≤35 g/L \[[@b20-medscimonit-26-e922839]\]; and hyperuricemia as serum uric acid level \>416 μmol/L in men and \>360 μmol/L in women \[[@b21-medscimonit-26-e922839]\]. RASB included treatment with an angiotensin receptor blocker (ARB) or angiotensin converting enzyme inhibitor (ACEI) during the follow-up period before proteinuria appeared.

The primary outcome was defined as the appearance of proteinuria. The secondary outcomes were the decreased percentage of hematuria, the rate of eGFR decline during follow-up and final blood pressure.

Treatment strategy
------------------

Treated patients were administered oral low-dose RASB, consisting of 1--2 tablets/d of benazepril, perindopril, valsartan or losartan, alone or in combination, before the appearance of proteinuria, with the dosage adjusted individually based on blood pressure and serum creatinine concentrations.

Statistical analysis
--------------------

Categorical variables are presented as numbers and percentages and compared by Chi square tests or Fisher exact tests. Continuous variables are expressed as means±standard deviation (SD) or median and interquartile range (IQR) and compared by *t* tests or Mann-Whitney *U* tests. Time to the primary outcome was analyzed by the Kaplan-Meier method and compared by the log-rank test. Multivariate Cox regression analysis was used to assess the role of RASB in the primary outcome. Because this study was designed retrospectively and the initial diastolic pressure was higher in the treatment group ([Table 1](#t1-medscimonit-26-e922839){ref-type="table"}), individuals who did and did not receive RASB were at different risks of progression. To better compare the decreases in the percentage of hematuria and the rates of eGFR decline, propensity score matching was performed. A logistic regression model was used to predict the probability of RASB treatment for every patient. Propensity scores were estimated using a model that included variables such as initial eGFR, serum uric acid, initial systolic pressure, initial diastolic pressure and MESTC scores. Patients who were and were not treated with RASB were matched by closest scores (±0.05). All statistical analyses were performed using SPSS (22.0, IBM), with a two-tailed *P*\<0.05 indicating statistical significance.

Results
=======

Patients and baseline characteristics
-------------------------------------

This study recruited 110 patients, 29 (26.4%) men and 81 (73.6%) women, of mean age 30±11 years. Of these 110 patients, 44 (40.0%) did and 66 (60.0%) did not receive RASB treatment before the development of proteinuria. The mean±SD initial eGFR was 105.5±24.4 ml/min/1.73 m^2^ and the median (IQR) hematuria was 34.0 (17.0--66.0) cells per high powered field (hpf). According to the Oxford classification, 51.8%, 21.8%, 34.5%, 6.4% and 10.9% of these patients were pathologically characterized as M1, E1, S1, T1--2 and C1--2, respectively. Diastolic blood pressure was significantly higher in patients with than without RASB (*p*=0.03). All other characteristics (gender, age, serum creatinine, initial eGFR, systolic pressure, low hemoglobin, hypoalbuminemia, hyperuricemia, and Oxford classifications of M1, E1, S1, T1--2 and C1--2) were similar in the two groups ([Table 1](#t1-medscimonit-26-e922839){ref-type="table"}).

Follow up and outcome
---------------------

The follow-up time was 24.0 (12.8--36.3) months, without significant difference between the two groups. The proportion of individuals who progressed to proteinuria was significantly higher in the untreated than in the treated group (*p*=0.003), and unadjusted Kaplan-Meier analysis showed that the progression to the primary outcome was significantly slower for patients with RASB than without (Log-rank, *p*=0.004) ([Figure 1](#f1-medscimonit-26-e922839){ref-type="fig"}). The difference between hematuria at the start and end of follow up was significant in the groups who did (paired *t* test, *p*=0.01) and did not (paired *t* test, *p*=0.03) receive RASB. The decreased percentage of hematuria was significantly higher (*p*=0.01, [Figure 2](#f2-medscimonit-26-e922839){ref-type="fig"}) and the final level of hematuria was lower (*p*=0.049) in the treated than in the untreated group ([Table 2](#t2-medscimonit-26-e922839){ref-type="table"}). However, final eGFR, the rate of eGFR decline, and final systolic and diastolic blood pressure were similar in the two groups.

Benefits of RASB to the primary outcome
---------------------------------------

The effect of RASB on the primary outcome was analyzed in four multivariate Cox regression models. In model 1, in which the hazard ratio (HR) was adjusted by gender and age, RASB had a significant benefit (HR=0.34, 95% CI: 0.16--0.75, *p*=0.01). In model 2, in which HR was adjusted by gender, age, hypertension, hyperuricemia, initial eGFR, duration from initial diagnosis to start of therapy and initial hematuria, RASB also had a significant effect on the primary outcome (HR=0.28, 95% CI: 0.12--0.65, *p*=0.003). In model 3, in which HR was adjusted by factors in Model 2 and Oxford classification factors, RASB was still associated with a better outcome (HR=0.22, 95% CI: 0.09--0.53, *p*=0.001) ([Table 3](#t3-medscimonit-26-e922839){ref-type="table"}).

Excluding patients with hypertension, the benefits of RASB on the primary outcome remained applicable to patients without hypertension ([Table 3](#t3-medscimonit-26-e922839){ref-type="table"}).

Benefits of RASB to the secondary outcomes
------------------------------------------

The benefits of RASB on the decreased percentage of patients with hematuria and the rate of eGFR decline were analyzed following propensity score matching. Thirty-seven patients who received RASB were matched with 66 patients who did not, essentially eliminating any differences in baseline characteristics between the two groups ([Supplementary Table 1](#s1-medscimonit-26-e922839){ref-type="supplementary-material"}). The decreased percentage of hematuria of RASB treated individuals was 93 (IQR, 74--96), which was much higher than the untreated patients (*p*=0.01, [Table 4](#t4-medscimonit-26-e922839){ref-type="table"}). However, rates of eGFR decline and final blood pressure were similar in the two groups ([Table 4](#t4-medscimonit-26-e922839){ref-type="table"}).

When patients with hypertension were excluded, RASB still showed benefits in reducing hematuria in patients without hypertension, with the final systolic and diastolic pressure remaining similar in these two groups ([Table 4](#t4-medscimonit-26-e922839){ref-type="table"}).

Discussion
==========

Treatment strategies are sought to delay the progression of IgAN \[[@b23-medscimonit-26-e922839]\]. Studies have therefore assessed the ability of RASB to protect renal function and reduce the development of proteinuria \[[@b24-medscimonit-26-e922839]--[@b26-medscimonit-26-e922839]\], with RASB becoming a first line treatment for IgAN \[[@b4-medscimonit-26-e922839],[@b10-medscimonit-26-e922839],[@b15-medscimonit-26-e922839],[@b27-medscimonit-26-e922839]\]. Fewer studies have assessed the effects of RASB in patients with IgAN and persistent hematuria, but without proteinuria, perhaps because disease progression is slower in these patients. In addition, few IgAN patients with hematuria but without proteinuria undergo renal biopsy. A study on the clinicopathological features and outcomes of IgAN patients with proteinuria \<1 g/d found that only 23.1% of these patients did not have proteinuria \[[@b28-medscimonit-26-e922839]\]. Although several randomized controlled trials (RCT) and reviews have assessed the effects of RASB on IgAN patients, most of these excluded patients without proteinuria. For example, an RCT assessing the effects of ACEI on renal survival in patients with IgAN enrolled only patients with urinary protein excretion ≥0.5 g/d \[[@b5-medscimonit-26-e922839]\], and another RCT on the effects of ACEI in young patients included only patients with moderate proteinuria \[[@b7-medscimonit-26-e922839]\]. Moreover, the KDIGO guidelines did not include recommendations for RASB in patients without proteinuria. A study evaluating the associations between RASB therapy and ESRD in patients stratified by levels of proteinuria, including individuals without proteinuria, found that RASB had renal protective effects in subjects with urinary protein excretion \>1 g/d, but not in patients with urinary protein excretion \<1 g/d \[[@b15-medscimonit-26-e922839]\]. This result did not necessarily indicate that RASB is ineffective for patients with proteinuria \<1 g/d or those with hematuria alone, because the incidence of ESRD was rare in these subgroups.

Generally, kidney biopsies are rarely performed in patients with hematuria but without proteinuria. However, persistent hematuria in significant amounts has been found to independently increase the risk of renal function loss in IgAN. Moreover, some physician**s** believe it necessary to biopsy patients with persistent hematuria to rule out the possibility of IgAN, especially in women of childbearing age. For these reasons, renal biopsies were obtained from the individuals enrolled in the present study.

Specific treatment is generally not recommended for IgAN patients without proteinuria, with annual follow-up regarded as sufficient \[[@b16-medscimonit-26-e922839],[@b29-medscimonit-26-e922839]\]. However, some of these patients may develop proteinuria as the disease progresses. For example, of the 110 patients in the present study, 38 (34.5%) developed proteinuria during follow up, including 30 patients who did not receive RASB treatment.

Several recent studies have sought to identify parameters prognostic of long-term outcomes in patients with IgAN, including initial renal function, hypertension, and significant proteinuria and hematuria \[[@b17-medscimonit-26-e922839],[@b30-medscimonit-26-e922839]--[@b32-medscimonit-26-e922839]\]. Renal lesions are also associated with renal outcomes \[[@b33-medscimonit-26-e922839],[@b34-medscimonit-26-e922839]\]. According to the latest Oxford classification of IgAN, mesangial hypercellularity (M), segmental sclerosis (S), and interstitial fibrosis/tubular atrophy (T) are predictive of renal outcomes. Endocapillary cellularity (E) is also predictive in the absence of immunosuppressive therapy. This study added crescents (C) to the Oxford classification MEST score \[[@b35-medscimonit-26-e922839]\]. These parameters have also been shown to predict progression to ESRD in patients with IgAN. Both clinical variables and renal histopathology, including eGFR, proteinuria and Oxford classification score, have been identified as risk factors for ESRD in patients with IgAN \[[@b36-medscimonit-26-e922839]\]; and hypertension, proteinuria and the degree of renal lesions were found to be independent predictors for predicting the risk of death/dialysis in patients with IgAN \[[@b37-medscimonit-26-e922839]\].

Proteinuria has been regarded as a risk factor for renal damage, with remission of proteinuria improving the prognosis of patients with IgAN, regardless of initial proteinuria levels \[[@b38-medscimonit-26-e922839]\]. Similarly, persistent hematuria in significant amounts increased renal function loss, with remission of hematuria having a favorable effect on progression of IgAN \[[@b17-medscimonit-26-e922839]\]. Rational treatment should be designed for IgAN patients with persistent hematuria but without proteinuria \[[@b38-medscimonit-26-e922839]\]. Early changes in proteinuria were demonstrated to be a surrogate end point for clinical progression of IgAN in selected settings \[[@b39-medscimonit-26-e922839]\]. Thus, in assessing the benefits of RASB, the present study selected the appearance of proteinuria as the primary outcome, finding that RASB reduced the risk of the primary outcome as well as reducing the level of hematuria to a greater extent than the lack of treatment, and indicating that RASB had a significant effect on the remission of hematuria. Taken together, these findings suggest that RASB can benefit IgAN patients with persistent hematuria alone.

RASB treatment, however, did not affect the rate of eGFR decline in all patients and in patients without hypertension. Consistent with our result, an earlier retrospective study assessing the effect of corticosteroids (CS) on IgAN measured the slope of eGFR as a renal outcome \[[@b40-medscimonit-26-e922839]\]. Subgroup analysis showed that the rate of eGFR decline was slow in patients with proteinuria \<1 g/d, with no significant difference between patients who were and were not treated with CS. A study of IgAN patients with minimal proteinuria and/or with hematuria alone found that only 23.1% had hematuria alone and only 2.9% developed injured renal function \[[@b28-medscimonit-26-e922839]\]. Another study on the outcomes in IgAN patients with minimal or no proteinuria found that only 3.5% showed a \>50% increase in SCr and none developed ESRD \[[@b41-medscimonit-26-e922839]\], indicating that progression is slow in IgAN patients with low levels of proteinuria. Future studies assessing the effect of RASB on the decline in eGFR rate among IgAN patients with persistent hematuria alone should include a longer follow-up time. Because of the important roles of proteinuria and hematuria levels in predicting renal progression, RASB should be regarded as beneficial for IgAN patients with persistent hematuria alone.

RASB has been shown to control blood pressure and reduce proteinuria. We found that, after excluding patients with hypertension, RASB was effective in preventing the primary outcome and lowering hematuria, with blood pressure similar in the two groups. These findings indicated that hypertension was not a prerequisite for RASB treatment in IgAN patients with hematuria alone, and that low-dose RASB did not significantly affect blood pressure in patients without hypertension.

This study had several limitations. The first was its retrospective design, suggesting that there may have been unmeasured potential confounders. In addition, the limited follow-up time precluded a determination of the association between RASB and the rate of eGFR decline. Large multicenter studies and longer follow-up time are needed to assess the effect of RASB on the rate of eGFR decline.

Conclusions
===========

RASB independently reduced the risk of proteinuria development and increased the remission of hematuria in IgAN patients with hematuria alone, indicating that RASB could be beneficial in their treatment. This benefit was applicable to patients without hypertension, and RASB did not significantly affect their blood pressure.

Supplementary Data
==================

###### 

Baseline characteristics of the matched IgAN patients only with hematuria initially (n=103).

  Characteristics at biopsy                                             Treatment group (n=37)   Untreated group (n=66)   P
  --------------------------------------------------------------------- ------------------------ ------------------------ ------
  Clinical characteristics                                                                                                
   Male (%)                                                             10 (27.0)                17 (25.8)                0.89
   Age (years)                                                          31±12                    29±10                    0.29
   Serum creatinine (μmol/L)                                            72.0 (59.0--86.5)        71.0 (58.8--77.5)        0.26
   Initial eGFR (ml/min/1.73 m^2^)                                      102.2±23.7               107.9±25.2               0.26
   Hematuria, (cells/hpf)                                               37.0 (27.0--71.0)        33.0 (13.0--68.0)        0.14
   Systolic pressure (mmHg)                                             120 (108--128)           118 (104--124)           0.53
   Diastolic pressure (mmHg)                                            76 (70--84)              71 (65--80)              0.18
   Hypertension, n (%)                                                  5 (13.5)                 5 (7.6)                  0.49
   Hemoglobin (g/L)                                                     127 (116--131)           127 (117--134)           0.69
   Albumin (g/L)                                                        42.1±4.6                 42.1±4.4                 0.96
   Uric acid (μmol/L)                                                   288 (227--339)           283 (255--309)           0.67
   Low hemoglobin, n (%)                                                4 (10.8)                 8 (12.1)                 1.00
   Hypoalbuminemia, n (%)                                               2 (5.4)                  3 (4.5)                  1.00
   Hyperuricemia, n (%)                                                 4 (10.8)                 7 (10.6)                 1.00
  Biopsy characteristics                                                                                                  
   M1, n (%)                                                            21 (56.8)                30 (45.5)                0.27
   E1, n (%)                                                            7 (18.9)                 16 (24.2)                0.53
   S1, n (%)                                                            15 (40.5)                20 (30.3)                0.29
   T1--2, n (%)                                                         1 (2.7)                  5 (7.6)                  0.42
   C1--2, (%)[\*](#tfn13-medscimonit-26-e922839){ref-type="table-fn"}   3 (8.1)                  4 (6.1)                  0.70
   Duration from initial diagnosis to start of therapy (months)         5.0 (1.0--21.0)          5.6 (1.0--12.0)          0.94

Crescents \>50% were excluded.

eGFR -- estimated glomerular filtration rate; RASB -- reninangiotensin system blockers; M -- mesangial hypercellularity; E--endocapillary hypercellularity; S -- segmental glomerulosclerosis; T -- tubular atrophy/interstitial fibrosis; C -- crescent.
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![Kaplan-Meier analysis of survival in RASB treated and untreated patients. Progression to the primary outcome differed significantly (log-rank, *p*=0.004). *RASB*, rennin-angiotensin system blockers](medscimonit-26-e922839-g001){#f1-medscimonit-26-e922839}

![Effect of RASB on the decreased percentage of hematuria. The decreased percentage of hematuria was significantly higher in RASB treated than untreated patients (*p*=0.01). *RASB*, rennin-angiotensin system blockers.](medscimonit-26-e922839-g002){#f2-medscimonit-26-e922839}

###### 

Baseline characteristics of IgAN patients only with persistent hematuria initially (n=110).

  Characteristics at biopsy                                             All (n=110)         Treatment group (n=44)   Untreated group (n=66)   *P*
  --------------------------------------------------------------------- ------------------- ------------------------ ------------------------ ----------
  Clinical characteristics                                                                                                                    
   Male (%)                                                             29 (26.4)           12 (27.3)                17 (25.8)                0.86
   Age (years)                                                          30±11               32±11                    29±10                    0.16
   Serum creatinine (μmol/L)                                            71.0 (59.0--81.0)   72.0 (59.0--86.0)        71.0 (58.8--77.5)        0.26
   Initial eGFR (ml/min/1.73 m^2^)                                      105.5±24.4          102.0±22.9               107.9±25.2               0.21
   Hematuria, (cells/hpf)                                               34.0 (17.0--66.0)   36.0 (24.0--65.0)        33.0 (13.0--68.0)        0.31
   Systolic pressure (mmHg)                                             120 (107--127)      120 (109--128)           118 (104--124)           0.21
   Diastolic pressure (mmHg)                                            75 (68--83)         78 (70--85)              71 (65--80)              **0.03**
   Hypertension, n (%)                                                  11 (10.0)           6 (13.6)                 5 (7.6)                  0.34
   Hemoglobin (g/L)                                                     127 (118--134)      127 (117--133)           127 (117--134)           0.95
   Albumin (g/L)                                                        41.9±4.5            41.6±4.6                 42.1±4.4                 0.53
   Uric acid (μmol/L)                                                   281 (249--321)      281 (229--342)           283 (255--309)           0.75
   Low hemoglobin, n (%)                                                13 (11.8)           5 (11.4)                 8 (12.1)                 0.90
   Hypoalbuminemia, n (%)                                               6 (5.5)             3 (6.8)                  3 (4.5)                  0.68
   Hyperuricemia, n (%)                                                 13 (11.8)           6 (13.6)                 7 (10.6)                 0.63
  Biopsy characteristics                                                                                                                      
   M1, n (%)                                                            57 (51.8)           27 (61.4)                30 (45.5)                0.10
   E1, n (%)                                                            24 (21.8)           8 (18.2)                 16 (24.2)                0.45
   S1, n (%)                                                            38 (34.5)           18 (40.9)                20 (30.3)                0.12
   T1--2, n (%)                                                         7 (6.4)             2 (4.5)                  5 (7.6)                  0.70
   C1--2, (%) [\*](#tfn1-medscimonit-26-e922839){ref-type="table-fn"}   12 (10.9)           8 (18.2)                 4 (6.1)                  0.06
   Duration from initial diagnosis to start of therapy (months)         5.0 (1.0--12.0)     4.5 (1.0--16.5)          5.6 (1.0--12.0)          0.96

Crescents \>50% were excluded.

eGFR -- estimated glomerular filtration rate; RASB -- reninangiotensin system blockers; M -- mesangial hypercellularity; E -- endocapillary hypercellularity; S -- segmental glomerulosclerosis; T -- tubular atrophy/interstitial fibrosis; C -- crescent.

###### 

Outcomes of treated and untreated IgAN patients only with persistent hematuria initially (n=110).

  Outcomes                                                                                                               All                  Treatment group      Untreated group       *P*
  ---------------------------------------------------------------------------------------------------------------------- -------------------- -------------------- --------------------- ------------------------------------------------------------------
  Primary outcome (n, %)[\*](#tfn3-medscimonit-26-e922839){ref-type="table-fn"}                                          38 (34.5)            8 (18.2)             30 (45.5)             0.003
  Final eGFR (ml/min/1.73 m^2^)                                                                                          107.1±24.2           106.0±22.1           107.8±25.6            0.71
  Hematuria change from start to end of follow-up (cells/hpf)[\*\*](#tfn4-medscimonit-26-e922839){ref-type="table-fn"}   35.0±102.1           48.7±110.0           25.9±96.2             0.01/0.03[\#](#tfn5-medscimonit-26-e922839){ref-type="table-fn"}
  Final hematuria (cells/hpf)                                                                                            4.5 (1.7--19.2)      3.6 (1.7--6.2)       5.9 (1.7--29.3)       0.049
  Decreased percentage of hematuria (%)                                                                                  82 (21--94)          90 (72--96)          72 (6--91)            0.01
  Rate of eGFR decline (ml/min per 1.73 m^2^/y)                                                                          0.51 (−3.98--5.35)   1.04 (−1.66--4.41)   −0.05 (−4.73--5.58)   0.38
  Final systolic pressure (mmHg)                                                                                         115 (110--122)       118 (110--125)       115 (107--121)        0.38
  Final diastolic pressure (mmHg)                                                                                        75 (65--81)          76 (74--85)          69 (63--80)           0.17
  Follow-up time (for the primary outcome, months)                                                                       18.0 (10.5--30.0)    21 (12.0--34.5)      16.5 (8.0--27.0)      0.11
  Follow-up time (for the whole follow-up periods, months)[\#\#](#tfn6-medscimonit-26-e922839){ref-type="table-fn"}      24.0 (12.8--36.3)    24.5 (12.5--38.0)    24.0 (12.8--32.0)     0.28

Appearance of proteinuria;

initial hematuria -- final hematuria;

paired *t* test;

all patients were followed up until June 2019 whether progressed to the primary endpoint or not.

eGFR -- estimated glomerular filtration rate.

###### 

Multivariate Cox regression analysis for the effect of RASB on the primary outcome of IgAN patients only with persistent hematuria initially.

  Models                                                                All (n=110)         *P*     Patients without hypertension (n=99)   *P*
  --------------------------------------------------------------------- ------------------- ------- -------------------------------------- -------
  Model 1[\*](#tfn8-medscimonit-26-e922839){ref-type="table-fn"}                                                                           
   With RASB                                                            0.34 (0.16--0.75)   0.01    0.23 (0.09--0.59)                      0.002
   Without RASB                                                         Reference           --      --                                     --
  Model 2[\*\*](#tfn9-medscimonit-26-e922839){ref-type="table-fn"}                                                                         
   With RASB                                                            0.28 (0.12--0.65)   0.003   0.21 (0.08--0.55)                      0.002
   Without RASB                                                         Reference           --      --                                     --
  Model 3[\*\*\*](#tfn10-medscimonit-26-e922839){ref-type="table-fn"}                                                                      
   With RASB                                                            0.22 (0.09--0.53)   0.001   0.17 (0.06--0.46)                      0.001
   Without RASB                                                         Reference           --      --                                     --

Adjusted by gender and age;

adjusted by gender, age, hypertension, hyperuricemia, initial eGFR, duration from initial diagnosis to start of therapy and initial hematuria;

Model 2+Oxford classification factors (M, E, S, T and C).

RASB -- renin--angiotensin system blockers; HR -- hazard ratio; CI -- confidence interval.

###### 

Secondary outcomes of propensity-matched patients (n=103).

  Outcomes                                         Treatment group      Untreated group       *P*
  ------------------------------------------------ -------------------- --------------------- ------
  All (n=103)                                                                                 
   Decreased percentage of hematuria (%)           93 (74--96)          72 (--6--91)          0.01
   Rate of eGFR decline (ml/min per 1.73 m^2^/y)   0.78 (−1.95--4.36)   0.05 (−4.73--5.58)    0.48
   Final systolic pressure (mmHg)                  118 (110--125)       115 (107--121)        0.38
   Final diastolic pressure (mmHg)                 76 (74--85)          69 (63--80)           0.17
  Patients without hypertension (n=93)                                                        
   Decreased percentage of hematuria (%)           91 (73--96)          71 (--22--91)         0.01
   Rate of eGFR decline (ml/min per 1.73 m^2^/y)   0.69 (−1.66--4.41)   −0.05 (−4.77--5.47)   0.37
   Final systolic pressure (mmHg)                  118 (110--124)       115 (106--121)        0.45
   Final diastolic pressure (mmHg)                 76 (71--80)          70 (65--80)           0.48

eGFR -- estimated glomerular filtration rate.
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